The system under scrutiny in this paper is a thermal power plant in Savannah Sugar Company Numan (SSCN) factory, Nigeria. The final power output of the plant is affected by random events such as equipment failures. Whenever such random events occur, the power plant's output is unstable due to the electrical power demand by the factory instruments and estate. Unavailability of plant means shorter production periods and hence profit loss, these effects should be minimized, which is not a trivial matter because the plant is a highly complex system. This paper presents the principal dynamic phenomena that determine the model of boilerturbine-generator system. The formation of the model is based on fundamental physical and thermodynamic laws. The nonlinear nature of the model is made up of differentials and algebraic equations, steam tables and the use of algebraic polynomial formulae provided the means of obtaining required data for the modelling. Raw data was taken from this power plant for period of two years. The derived model is realized in the MATLAB/SIMULINK 7.10 environment using the SSCN power plant raw input data. Validation result shows that the plant's outputs (Steam Pressure and Electrical Power) are within acceptable range of the manufacturer's recommended values. This model can be said to be the true representation of SSCN power plant.
INTRODUCTION
The SSCN Thermal Power Plant Unit (TPPU) supplies 3200kPa steam at 0.2083kg/s which rotates turbine-generator at 6000rpm for the production of 4.8 MW power. The electrical power production is dependent on steam generated from boiler system but due to its complexity and flexibility, it requires a simulator (model) to predict the plant behaviour (Stefano, 2000) .
Using models cut down the time of project realization and reduce all the risks associated with the work on the real object.To facilitate this study; mathematical models are derived to represent the plant (Flynn and O' Malley, 1999 and Baligh et al., 2010) . The modelling of power plant is divided into four stages based on thermodynamic engineering principles (Cellier, 1982; Jiya and Gumpy, 2008 , Maffezzoni, 1997 and Bolis et al., 1993 .
The Savannah Sugar Company Numan power plant
This plantl produces electric power from fossil fuel through several energy conversion processes, using water as a working fluid (Thermal Power Plant). The chemical energy of the fossil fuel is transformed into steam thermal energy by the boiler; it is transformed into rotational mechanical energy by the turbine, and finally the generator produce electrical power energy by electromagnetic induction principle. Concurrently, the working fluid in the boiler is alternately vaporized and condensed in a closed circuit following a thermodynamic cycle (Leva and Maffezoni, 2003 and Yu et al., 2010) . The block diagram of the energy conversion process is shown in figure1. 
SSCN thermal power plant process diagram
The steam boiler in a power plant serves for energy conversion to transform the input chemical energy of oil, into the mechanical energy acting on the turbine and generator as shown in figure 2, (Jiya and Gumpy, 2008; Wen and Fang, 2008; Tor-Martin and Carl-Johan, 2006 and Bolis et al., 1993) . The corresponding changes in the thermodynamic cycle offigure 2 are shown in Figure 4 , in which, a "point" refers to a physical location. 
Data collection
The raw data was taken using pressure, temperature gauges and electrical power meter during the plant's normal operation for a period of two years.
Savannah Thermal Power Plant Manufacturer's Data
The control valve's position is determined using the rate values in table1, while 3.3 Modelling of SSCN power plant.
Assumptions: (i) the hot gases flow upwards through the combustion chamber is surrounded with the water-tubes embedded in the walls, water is evaporated to steam; (ii) the hot flue gases pass over the tubes of the superheater, superheating the steam. (iii) the hot gases may then pass over the steam reheater where the steam drawn from the turbine is resuperheated. (iv) the hot gases pass through the economizer where heat is absorbed to raise the temperature of the feed water. (v) the drum is a perfect cylinder; (vi) the heat exchanger surface between steam and water is planner; (v) all the feedwater enters the downcomer tubes directly and returns through the water walls at fluid saturation conditions; (vi) the circulation through the downcomers and water walls is constant; (vii) the water in both phases (water and steam) at the steam/water drum is at saturated conditions. (viii) the energy stored in the steam and water is released or absorbed very rapidly when pressure changes. (x) that boiler maintains a constant pressure to the STTCV regardless of steam input; (xi) that the pressure at the input to the turbine is 100% of rated pressure regardless of whether the unit is at full load or partial load; (xii) that the entire 100% of the rotor inertia is used for the accelerating of the rotor.
Control Valves (Actuators)
The first group of equations relates the input control valve actuator positions to the input mass flow rates for fuel-tofurnace, steam-to-turbine and feedwater-to-drum which are respectively given in equation 1-3 (Astrom and Bell, 2000) .
The mass flow rates equations for Oil flow, steam and feedwater are given by the fluid flow equations as: 
(6) Where G =1 for water and 1.3 for oil, (Astrom and Bell, 2000) , p ∆ is change in pressure and k 2 , k 3 are valve constants.
The global mass balance equation for the boiler is given by equation (7) fw m f m dt dm
At steady state, equation (7) becomes
The drum level, steam pressure to turbine and turbinegenerator models is respectively given by equations (9)- (11). Substituting variables from tables 1, 2 and 3 into equations (4), (5), (6), (12) and (14), the constants values are calculated as shown tabulated in table 4. (15)- (17), a simulation diagram of SSCN thermal power plant is constructed as in figure 5.
Simulation
Figure 5 is simulated using MATLAB 7.1 environment for production of final SSCN power plant outputs. (15)- (17) gives equations (18) 
Assume that the water level in the drum is steady. Thus, the change in level will be zero, that is
To obtain the plant's output, equations (18) and (19) are solved using Runge-Kutta (4,5) and the Dormand-Prince method. The scaling factors are tuned to give the required specified outputs, giving us the SSCN thermal power plant models as The model simulated result in figures 8 and 9 is the same with the manufacturer's specifications. This is proven by using the measured steam pressure to turbine and electrical power generated by the existing plant data with the simulated output plots to investigate the steady state error of the plant. From the initial calculated values of the SSCN power plant, it shows that the plant is old and needs refurbishment. It can be seen in figure 10 that there is small steady state error from 20 secs to 210 secs which is clearly reflected in the plant electrical power generated shown in figure 11 . The simulation output is seen to have steady state error from the measured output, which is seen to ramp from 20 to 200 secs from where a steady state error is maintained throughout.
Conclusion
The result obtained showed the electrical output has a steady state error of 2%. This means that the plants outputs are within acceptable range of the SSCN thermal power plant manufacturer's recommended values for boiler steam pressure and the generated electrical power. The validation of the plant shown in figures 10 and 11 clearly shows that the model can be used for dynamical study of the SSCN thermal power plant.
